To evaluate the recovery of continence after robot-assisted laparoscopic prostatectomy (RALP) and open radical retropubic prostatectomy (RRP).
INTRODUCTION
Prostate cancer is the most commonly diagnosed cancer and the second leading cause of cancer-related death in industrialized countries. In Korea, the incidence of prostate cancer is fifth among cancers and is the most rapidly increasing [1] . Radical retropubic prostatectomy (RRP), as described by Walsh [2] in 1982, has been most frequently used to treat localized prostate cancer in the past two decades.
In early 2000, the first robot-assisted laparoscopic radical prostatectomy (RALP) was performed by use of the da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA) in Frankfurt by Binder and Kramer [3] . Through advanced technologies that provide a three-dimensional operative view and laparoscopic instruments that mimic the movement of the human wrist and hand, RALP has reduced the operation time compared with laparoscopic radi-cal prostatectomy.
At present, RRP, the standard treatment modality of localized prostate cancer, has been replaced with RALP because of its minimal invasiveness, reduction in estimated blood loss (EBL), shorter hospital stay, and reduced postoperative pain. However, few comparative studies have evaluated functional outcomes, such as potency and continence, between RRP and RALP. The prevalence of incontinence after radical prostatectomy varies from 2.5% to 87% depending on the definition of urinary control and the evaluation time [4] [5] [6] [7] [8] [9] .
The purpose of our study was to compare the time until postoperative continence recovery and to evaluate the risk factors for postoperative incontinence in patients who underwent RRP or RALP by a single experienced surgeon.
MATERIALS AND METHODS

Patients
The da Vinci surgical system was introduced to Seoul National University Bundang Hospital in October 2007. The clinical data of the patients who underwent surgery to treat localized prostate cancer by a single surgeon were retrieved from a prospectively registered database and the data were reviewed retrospectively. Group 1 consisted of 150 consecutive patients who underwent RALP during the period of July 2008 through June 2009 after the initial 100 cases of RALP to avoid the effect of the learning curve. Group 2 consisted of 150 patients who underwent RRP just before the introduction of the surgical robot in our hospital to minimize the selection bias during the period of September 2006 through October 2007. A total of 42 cases were excluded because of missing data; accordingly, a total of 258 cases (group 1, n=146; group 2, n=112) were included in the final analysis.
All RRP and RALP procedures were performed by a single experienced surgeon (S.E.L). RRP was performed in the manner of a conventional operation without periurethral reconstruction. RALP was done in the manner of the conventional transperitoneal approach by use of the four-armed da Vinci surgical robot system. A six-port technique described elsewhere [10] was adopted with minor modifications with anterior reconstruction for incontinence [11] . In both groups, unilateral or bilateral neurovascular bundle saving when indicated was done by use of the athermal technique. Pelvic lymph node dissection was performed in men with a high risk of cancer at the discretion of the surgeon. None of the patients involved in the study received preoperative radiation therapy or androgen-deprivation therapy. A total of 258 cases (146 for group 1 and 112 for group 2), excluding 42 cases missing information on continence or basic information, were included in the final analysis.
We used the Kaplan-Meier method and the log-rank test to analyze the differences between the curves to compare the interval until the return of urinary continence between the two groups. The difference in the continence condition of the two groups at 12 months after the operation was confirmed by use of the chi-square test and Student t-test. We performed univariate Cox proportional hazard regression analyses to assess the recovery of continence. All significant variables in the univariate analyses were included in the multivariate analyses with enter model at the initial steps. Subsequently, multivariate Cox regression models with backward elimination with the probability for removal of 0.1 were obtained. All statistical analyses were performed by use of PASW ver. 17.0 (SPSS Inc., Chicago, IL, USA). For all statistical comparisons, differences with p＜0.05 were considered statistically significant.
Measurements
We evaluated continence status at 2 weeks and 1, 3, 6, 9, and 12 months postoperatively at an outpatient office. Continence was evaluated by using question 5 of the Expanded Prostate Cancer Index Composite questionnaire ("How many pads or adult diapers per day did you usually use to control leakage during the last 4 weeks?"). Continence was defined as no pad use. However, pad use of 0 to 1 pad per day was also evaluated to allow comparisons with previous studies.
The length of the membranous urethra was measured on the magnetic resonance imaging (MRI) T2-weighted coronal images as the distance from the prostatic apex to the entry of the urethra into the penile bulb as previously described [12, 13] . The prostatic apex shape was evaluated on the MRI midsagittal images. The shape was classified as either "no overlapping between apex and membranous urethra" or "anterior and/or posterior overlapping between apex and membranous urethra" according to the results of a previous study [12] .
RESULTS
The mean age of all patients was 65.3±6.4 years, and the mean preoperative prostate-specific antigen concentration was 13.0±20.4 ng/mL. Differences were found between the two patient groups in mean EBL (144.2±204.9 mL vs. 578.1±437.0 mL, p＜0.001) and the rate of nerve sparing (56.2% vs. 37.5 %, p=0.004) ( Table 1) .
Kaplan-Meier curves demonstrated that when continence was defined as a requirement for no pads or a single secure pad per day, the continent rate was significantly higher in group 1 than in group 2 (log-rank test, p=0.008). Also, when continence was defined as no pad use, the continent rate was significantly higher in group 1 than in group 2 (log-rank test, p＜0.001). When continence was defined as pad use of 0 to 1 pad per day, 100% of group 1 and 98.2% of group 2 reported continence at 12 months (chi-square test, p=0.189). When continence was defined as no pad use, however, there was a significant difference between the two groups at 12 months: group 1, 95.7%, and group 2, 70.7% (chi-square test, p＜0.001) (Fig. 1) .
We performed univariate Cox proportional hazard regression analyses to assess for contributing factors to con- Table 2) .
DISCUSSION
At present, RRP is considered a standard treatment modality for localized prostate cancer. Despite technological progress, however, some morbidity related to surgery, such as postoperative incontinence, remains and is the same as in the case of minimally invasive surgery. Patient factors such as age, body mass index, and prostate gland volume and surgical factors such as bladder neck-sparing technique, neurovascular bundle preservation, puboprostatic ligament preservation, dorsal vein complex control technique, and maximizing urethral length have been implicated in urinary control after radical prostatectomy but without consistent results. Since RALP was introduced, Ahlering et al. [14] reported the recovery rates of postoperative incontinence at 3 months for RRP and RALP as 76% vs. 75% (p=not significant), respectively. Di Pierro et al. [15] reported postoperative incontinence recovery at 3 months as 95% for RALP and 83% for RRP (p=0.003) and that after 12 months as 89% for RALP and 80% for RRP (p=0.92). Also, Krambeck et al. [16] reported that there was no significant difference in postoperative continence between RALP (91.8%) and RRP (93.7%) (p=0.344) at 1 year. However, Ficarra et al. [17] reported opposite results of postoperative incontinence for RRP and RALP as 41% vs. 81% after catheter removal (p ＜0.001) and 88% vs. 97% at 12 months (p=0.01), respectively. Tewari et al. [18] also reported the duration to 50% recovery of postoperative incontinence as 44 days for RALP and 160 days for RRP. These studies used the definition of continence as the use of 0 to 1 pad compared with no pad. But there is no consensus on the definition of continence, and there is movement to standardize the definition of continence as a satisfied, pad-free state. Krupski et al. [5] and Olsson et al. [6] reported that 30% to 55% of patients with no pad use after surgery still intermittently suffer from incontinence. Herein, our study compared the continence state as both no pad and 0 to 1 pad to overcome the problem of previous studies. If the studies by Ahlering et al. [14] and Di Pierro et al. [15] had defined continence strictly as the no pad state, the difference in postoperative incontinence would be intensified.
Paparel et al. [19] reported that MUL before or after surgery has a significant effect on postoperative continence statistically (p＜0.01). Those authors reported a close correlation among the amount of MUL loss and postoperative continence (p=0.02) and periurethral fibrosis. Minimizing trauma during the operation to save MUL by correct exfoliation of the prostate apex had an impact on continence [19] . Lee et al. [12] reported a similar result. The results of this study verify that MUL is a significant factor for continence recovery.
In our study, RRP was performed 2 years earlier than RALP. To eliminate selection bias and to minimize the possible learning curve, the RRP group was selected from patients who had undergone RRP just before the 150 consecutive RALP patients.
Our results suggest that advantages for continence recovery may be present in those patients undergoing RALP compared with RRP. The robotic system used in RALP provides a magnified three-dimensional view and precise articulation instruments. These benefits, in terms of urethrovesical anastomosis and anterior reconstruction, might contribute to the early recovery of urinary continence.
The strengths of our study are that the surgery was performed by a single experienced surgeon with uniform surgical technique and we used a validated self-administered questionnaire. To date, some articles have compared oncological and functional outcomes between RALP and RRP, but few comparisons have been made of procedures performed by a single surgeon at a single institute. The comparison that Tewari et al. [18] made in 2003 with 100 cases of RRP and 200 cases of RALP was of procedures performed at a single facility but not by a single surgeon. The comparison that Ficarra et al. [17] made in 2009 between RRP and RALP was also not of procedures performed by a single surgeon. Because a study design with a single surgeon includes the same standards for patient selection and the same postoperative management protocol, such a design has advantages for ruling out the possibility of selection bias and confounding bias.
Our study did have some limitations. First, there was a 2-year gap between the groups for this study. We did not use a quality of life questionnaire for the use of security pads and no pad usage. Finally, the retrospective design may also be a limitation, but we made a concerted effort to complete data collection and minimize bias by designing a prospective database. Therefore, these results should be confirmed by several other surgeons and through well-designed randomized controlled trials. Currently, some randomized controlled trials are in progress, e.g., the laparoscopic prostatectomy robot open study [20] .
CONCLUSIONS
The results of our study suggest that RALP is an independent factor for the recovery of continence, as were age and MUL, and RALP has advantages for postoperative continence recovery and the quality of continence compared with RRP. This result should be validated by well-conducted prospective randomized controlled trials in the future.
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